I. Introduction
Histochemistry has contributed a great deal not only to the understanding of biological phenomena but also to clinical medicine. Recently developed histochemical techniques include immunohistochemistry (IHC), in situ hybridization (ISH) and fluorescence in situ hybridization (FISH), which help analyze not only the localization of proteins but also molecular changes. The main advantage of histochemistry lies in the analysis of biologic phenomena in the "particular cells". In the study of diseases, it is essential to study the particular "disordered cells", such as cancer cells. For this purpose, recent histochemical technologies such as laser capture microdissection (LCM) and tissue microarray (TMA) are very efficient tools. LCM is a technique which enables us to analyze particular cells for DNA and mRNA changes. TMA is suitable for evaluation of the antibodies for IHC and various molecular probes for ISH or FISH. This article is a technical review of LCM and TMA when we apply them for use in histochemistry for basic science and clinical medicine ( Fig. 1 ).
II. Laser Capture Microdissection (LCM)
Development of current quantitative and high-throughput technologies, which allow the automated and rapid screening of the whole genome, transcriptome and proteome, have revolutionized the fields of basic and clinical medicine, particularly cancer genetics. LCM is a new technique which originated from National Institutes of Health (NIH), and was commercially developed through a Collaborative Research and Development Agreement partnership with Arcturus Engineering Inc. [4] . LCM is an easy, extremely fast and versatile method for the isolation of morphologically defined cell populations from complex primary tissues for molecular analyses. The development of LCM technique has facilitated the rigorous identification, isolation and subsequent molecular characterization of a single spe-cific cell or a portion of tissue from the routine hematoxyline-eosin (H&E) staining and immunostaining sections [2, 6, 8, 13, 14, 25] . Mutation analysis of genes in cancerous tissue can be examined by LCM method followed by polymerase chain reaction (PCR) single strand conformation polymorphism (PCR-SSCP) or direct sequencing of the PCR product. In addition, DNA microsatellite markers with the loss of heterozygosity (LOH) can be assessed in a tumorous lesion microdissected with LCM [22, 29] . For the analysis of mRNA expression, the LCM-assisted reverse-transcription polymerase chain reaction (RT-PCR) procedure has been available to study the molecular mechanisms of diseases using human tissues. In this research, immunohistochemical staining in addition to H&E staining is extremely important for the precise identification and isolation of a specific cell. IHC shows the presence of particular antigens for specific cells in the heterogeneous population of the tissue section. In this respect, IHC is more useful for LCM-assisted cell isolation than H&E-staining.
LCM was first reported by Emmert-Buck et al. [4] . Since its initial use and publication, LCM has been successfully applied to investigate many different tissues by isolating specific cells from among the total heterogeneous cell population. In the initial phase of utilizing LCM, the assessment of genetic changes, which include point mutations and LOH, has been frequently examined [22, 29] . In brief, histologic (H&E-staining or IHC-staining) paraffin sections of tumorous tissue are dehydrated, the regions of interest in the histological section are selected and overlaid with a film mounted on a cap, and then adhered cells are captured by the film through laser energy. The dissected cells are collected in Eppendorf tubes. Theses cells are subsequently digested by lysis buffer containing detergent and proteinase K, and are submitted for PCR, sequencing, and/or SSCP analysis. The p53 gene is a tumor suppressor gene on the short arm of chromosome 17, which consists of 11 exons and 10 introns. In a wide variety of human tumors, p53 gene mutations have been detected mainly in exons 5, 6, 7 and 8. Since the isolation of tumor cells from heterogeneous tissue is possible, many reports on p53 mutation analysis using LCM have been published [3, 6, 13, 18] . This combination of histochemical approach and molecular biology has been an Correspondence to: Robert Y. Osamura, M.D., Department of Pathology, Tokai University School of Medicine, Bohseidai, Iseharao, Kanagawa 259-1193, Japan. E-mail: osamura@is.icc.u-tokai.ac.jp important contribution to medical science, particularly to cancer research [1, 10, 17, 19, 27, 28] .
Investigations of tissue or cell specific gene expressions are important in many fields of biological and biomedical research. The analysis of gene expression patterns related to neoplasia, inflammation, or degenerative disease is important not only for diagnostic and prognostic purposes, but also for preventive medicine by diagnosing subclinical stages of disease, and to target medicine to specific genetic alterations [12] . Using the LCM method, analysis of the differential expressions of genes between normal and disordered cells has been frequently performed [7, [14] [15] [16] 24] . Microdissection of tissue sections and cytological preparations using LCM has been used for the isolation of morphologically identified cell populations, thus overcoming the obstacle of tissue complexity. When used alongside sensitive analytical techniques, such as the polymerase chain reaction, LCM allows the precise in vivo examination of cell populations, such as carcinoma in situ, which are otherwise inaccessible for conventional molecular studies [16, 21] . In addition to H&E staining, the using of immunohistochemical stains also allows the precise selection of cells using LCM according to phenotypic and functional characteristics. Thus the combination of LCM-assisted histochemistry and molecular biology has been an important contribution to both basic science and clinical medicine.
Several "high throughput methods", e.g. DNA microarray technology, have been introduced into research and become routine in laboratories during the past decade. LCM has been used in conjunction with DNA microarray analysis to monitor gene expression in individual cells in many tissues [9, 32] . LCM in combination with microarrays facilitates the expression analysis of thousands of genes in selected cells. On the other hand, microarray analysis with the LCM sample requires refined techniques for amplifying mRNA from very small tissue samples. The most widely used method of mRNA amplification is in vitro transcription using T7 RNA polymerase to generate amplified antisense RNA [26] . In brief, first-strand synthesis from the mRNA template and second-strand synthesis with DNA polymerase is followed by T7 polymerase in vitro transcription to produce large amounts of new transcripts. Recently developed methods of mRNA amplification are more suitable for high throughput requirements and are beginning to supersede the original T7 amplification technique. Template-switching PCR is a method in which a double-stranded template is produced, and subsequently amplified by PCR. It is both faster and more cost-effective for amplifying RNA to be used in microarray experiments [20] . Although it is often desirable to use small starting quantities of RNA, amplification may result in systematic errors caused by transcript profile distortion, depending on the amplification protocol used. However, these errors can be accounted for with analytical techniques [30] . These amplification techniques including a quality assessment system will continue to develop to provide increasingly effective solutions to the problems presented by limited amounts of LCM samples without causing distortion of the expression profile.
III. Tissue Microarray (TMA)
Recent proteomics-based studies proffer a powerful complementary approach to DNA/RNA-based investigations. Analysis of the molecular targets in situ at the tissue level and assessment of their expressions across all tissues or diseases would give significant additional information in the course of a clinical study. However, conventional histochemical analysis using fresh, frozen or paraffin wax embedded tissues is too expensive and time consuming to be applied to the characterization of hundreds or thousands of gene products associated with distinct tumors entities or other diseases. Tissue Microarray (TMA) is a new technology that enables the rapid analysis of up to 1000 different archival samples [5, 11, 23, 31] . Sections from TMA blocks can be used for all different types of histochemical analysis including IHC, FISH, or ISH. TMA technology makes it possible to analyze several hundred samples on a single slide allowing the rapid analysis of genes (ISH) and proteins (IHC). In addition, this technique enables pathologists to perform large-scale analyses faster and at markedly lower costs compared with the conventional morphological approach.
In TMA, most of the working time is consumed with TMA preparation, involving the search, organization, pathological review and processing of the tissue specimens to be embedded in the array, in contrast to the conventional approach. H&E stained slides corresponding to donor blocks have to be provided. HE-slides have to be reviewed so that appropriate donor blocks can be selected and the region of interest can be defined on a selected paraffin block. Donor tissue blocks should be at least 1 mm and preferably 3-4 mm thick. Archival blocks dating back 20-40 years are usually adequate if they have been fixed in 4% buffered formalin. Such specimens can be used for IHC and FISH. On the other hand, ISH is more difficult because of the degradation and cross-linking of RNA molecules by a prolonged series of formalin fixations. Therefore, fixation with 4% paraformaldehyde or methacarn for 6-12 hr is recommended for ISH on TMA. In general, 0.6-2 mm diameter core biopsies from the donor blocks are used for TMA preparation. In the case of a 0.6 mm diameter core, the maximum number of samples that can be arrayed in a 45´25 mm area is about 1000. Using larger needles, one causes more damage to the original tissue blocks and substantially reduces the number of specimens that can be arrayed. For instance, only about 100-150 cores measuring 2 mm in diameter can be placed in a single TMA block. It is recommended that TMA is accompanied by the generation of a computer file, containing the tissue block construction and some of the basic clinical data, or the patient identification number if anonymity is required.
IV. Summary
Histochemistry, as a tool to analyze molecular phenomena at the individual cell level, has contributed to various fields of cell biopsy and clinical medicine. The histochemical detection of molecules has been regarded as a key issue in molecular targeted cancer therapy. In this article, we have reviewed two major histochemical techniques of practical use in molecular biology and molecular medicine, i.e. laser capture microdissection (LCM) and tissue microarray (TMA).
V. References

